INTRODUCTION
The functional tenets of the ineuiron doctrine were reviewed some time ago(l-3), but there hlas been little attempt to correct obvious deficiencies or formulate new concepts that take iinto account the great amount of anatomical and physiological work of recent years. Among these sttudies, the findings of synapses betweeni (lendrites of nerve cells are of partictular interest (reviewe(d in 4). Tlle reports are by now sufficiently numerous and well-documented to indicate that dendrodendritic synapses are a widespread and important phenomenon in the vertebrate niervous systemn, especially the mammalian brain. However, the patterfns of connections andl the functions they mediate have been difficult to comprelhend within the context of the classical doctrine.
It is timely tlherefore to reappraise the neuroin doctrine in the light of recent work. Discussion will be focuissedl on1 the mammalian olfactory bulb, where dendro(lendritic synapses were first identified (5) and wlhere the case for a revision of classical concepts can be set fortlh most clearly. Specific proposals will be made, that the neutroni can no longer be regarded as the basic functional unit of the nervotus system; ratlher, the nervotus system is organized on the basis of ftunctional uinits wlhose idlentity in many cases is independent of neuronal boundaries. It will be showni that these proposals are supported by increasing evidence from otlher work that goes beyond the confines of thle classical doctrine. 2 . Neurons have a functional polarization, from the dendrites and cell body (which are synaptic receptors) through the axon (which generates and conducts impulses) to the axon terminals (which are synaptic effectors).
3. The morphological neuronal uInit is, therefore, also the basic functional unit of the nervous system. Chains of these units make up the reflex and central pathways of the brain.
These statements, in one form or other, may be found in virtually every textbook of biology, neuroanatoiny, neurophysiology, psychology, and behavior; in accounts of neural modeling, and in popular expositions of the brain.
THE MOTONEURON MODEL
From classical times to the present day the motoneuron of the spinal cord has invariably been cited as the model that illustrates the functional aspects of the neuron doctrine. The modern version of the model may be summarized in relation to the diagram of Fig. 1 . Axon terminals from a variety of sources make synapses onto the motoneuronal soma and dendrites. As is well known (9) , impulses invading the terminals activate the synapses, producing either excitatory postsynaptic potentials (epsps) or inhibitory postsynaptic potentials (ipsps). Epsps the morphological neuron is a single functional entity, and all types of neurons are functionally similar or equivalent. Bullock(2) previously pointed out the inadequacy of this view, particularly with regard to invertebrate neurons. That this notion should have prevailed for so long in the mammalian brain can be ascribed to the fact that the motoneuron has continued to be regarded in Sherringtonian terms as one final common path, a single integrative entity, for its many overlapping inputs.
The mitral cell and its interneurons, by contrast, appear as specialized neurons with multiple functions. In order to identify these functions we need to free the term "functional unit" from its association with the entire neuron. We can then propose that a functional unit may be defined in the most general sense as the morphological substrate for a specific function. We will identify several basic types of functional unit in the olfactory bulb, and compare them with examples drawn from other parts of the brain.
SYNAPTIC UNITS
At the finest level of organization is the synaptic unit. The simplest such units are formed by a single axon terminal onto a single dendritic branch (Fig. 3 a) or spine ( Fig. 3 a' ). In the numerous instances in the olfactory bulb in which two types of dendritic terminal are interconnected by dendrodendritic synapses, a multisynaptic unit is formed (Fig. 3 b) . In the diagrams of Fig. 3 Synapses of the simple axodendritic type (Fig. 3 a, a') (34) . A common arrangement is for a large terminal of an afferent axon tolhave synapses onto two types of dendrite, one from the primary relay neuron of the nucleus, the other from an intrinsic slhort-axon cell (see Fig. 3 d) . The two dendrites are also interconnected witlh synapses; botlh serial and reciprocal connections lhave been described. Note in Fig. 3 Fig. 3 (Fig. 3 cl) and olfactory btull) (Fig. 3 b) .
In the retina, synapses between neuronzal processes bear a close resemlblance in their patterns of interconnlection to t-he clendrodendlritic synapses in tlle olfactory bulb (36, 37) . Dendroldenclritic synapses lhave also been found ill tlle superior collicultis (38, 39) Topograplhical subllivisions witlhin den(dritic trees are common in the nervouls system: only a few examples will be noted lhere (see Fig. 4 ). Althougl motoneurons are as a rule cliaracterized by a great deal of overlap of afferelnt inputs onto tlheir (len(Iritic trees, in the sacral spinal cord, specific afferents to lifferent parts of the (lendritic tree lhave been described (Fig. 4 a) . TIlhis was termedl a "functional fractionation of dendritic field" (42, 43) . In the nie(lial superior olivary ntucleus (Fig. 4 b) (42, 43) . b). principal neuron of medlial superior olivary complex (44) . c. hippocampal p)yramidal cell (46) . Synaptic inpuits to restricted parts of these dendritic trees as followvs: 1. lateral coltumn; 2. (lorsal root; 3. contralateral dorsal root; 4. ipsilateral ear; 5. contralateral ear; (6, 7, 8. short axoIi cells; 9. afferenit fibers; 10. Schaffer collaterals; 11. association path; 12. mossy fibers; 13. basket fibers; 14. pyramidal cell axon collaterals. the parallel fibers, anid otlhers to the granule layer, where they enter into the cerebellar glomeruli (cf. Fig. 3 c) . The pyramidal neurons of cortical areas are well known for the separation of their dendritic trees into apical and basal types. Lamination of inputs to the apical dendrite of hippocampal cells indicates the presence of vertically overlapping functional units (46) (Fig. 4 c) . Similar laminlation lhas been described in prepyriform (47) and neocortical (48) types provide for feedback control of the mitral cell at botlh the glomerular and the granule cell level. Because of the subdivisions witlhin the mitral dendritic tree, the loop systems passing through the mitral cell at these two levels are spatially separated andl functionally distinct.
The loop units formedl by the mitral and granule cells are also part of otlher feedback circuits. One circuit runs tlhrouglh the anterior olfactory nucleus; anotlher passes tlhrotughi the prepyriform cortex and tlhence through anterior olfactory ntucletus back to the bulb (Fig. 5 a) . Price and Powell (50) have developed the concept that the mitral cell is embedcled witlhin these progressively extending loo)s, an(l that these nested loops togetlher may be regarded as a system in itself. They lhave pointedI out the analogy to the feedback loops througlh wlhiclh corticothalamic fibers connect eaclh of the sensory areas of the neocortex to the related sensory relay nuclei (Fig. 5 b) . As anotlher type of loop system, tlle patlhways connectinig the cerebelluin and the cerebral cortex may be mentioned.
Thle identification of multineuronal funictional entities lhas in fact been one of the traditional concerns of neuroanatomists andineurophysiologists. From this work we lhave a riclh vocabulary of terms and concepts. The reflex arc andl the motoneuron-1)ool of Sherrington(8, 51) There have been several analyses of the dendritic spine as an input-output unit (62) (63) (64) , along the lines discussed above in relation to Fig. 3 . The concept of "dendritic integration" (56, 62) 
